Introduction
The nosocomial methicillin-resistant Staphylococcus aureus (MRSA) infection rate at National Taiwan University Hospital (NTUH) increased rapidly during the 1990s, and the prevalence of methicillin resistance among S. aureus isolates causing nosocomial infections at NTUH has remained at 60% to 80% during the past 10 years. 1 One of the major mechanisms that spreads MRSA rapidly across the hospital is transfer of MRSA among patients via the contaminated hands of healthcare workers (HCWs). 2 To prevent this, Hibscrub (Zeneca Ltd Co., Macclesfield Cheshire, England, UK), containing chlorhexidine gluconate (4% w/v), has been used for hand wash for more than 20 years at NTUH. Chlorhexidine resistance can emerge among S. aureus isolates, especially MRSA. 3 Resistance of S. aureus to chlorhexidine is conferred by two gene families, qacA/B and smr. 4 The qacA/B gene confers high-level resistance to antiseptics, whereas the smr gene confers low-level resistance. The current study aimed to understand the changes in susceptibility to chlorhexidine as well as the proportion of MRSA isolates carrying the qacA/B gene at NTUH, where a high prevalence of MRSA nosocomial infections and long-term chlorhexidine use were present. The chlorhexidine MIC was determined using the agar dilution method. 5 The chlorhexidine MIC for MRSA isolates carrying the qacA/B gene is typically 4 mg/L according to previous reports. 6 Therefore, an isolate with a high chlorhexidine MIC was defined in this study as having a chlorhexidine MIC 4 mg/L.
Materials and methods
The detection of qacA/B gene was performed by the PCR method. 4 Because of the high sequence similarity between qacA and qacB genes, the PCR products were further sequenced.
All 240 MRSA isolates underwent molecular typing, using multilocus sequence typing and susceptibility tests to erythromycin, clindamycin, gentamicin, minocycline, trimethoprim/sulfamethoxazole and vancomycin, using disc diffusion methods. 7 Results and discussion The distribution of the sequence types of the tested isolates is listed in Table 1 . Proportionately, ST254 was the predominant clone at NTUH in 1990 (accounting for 45%), but decreased in 1995 and thereafter. ST30 MRSA isolates accounted for a significant portion (36.7%) in 1990, but were absent after 1995. Of six blood isolates in 1990, four belonged to ST254 and two belonged to ST239. MRSA isolates of ST241 were predominant (55%) only in 1995. ST239 MRSA isolates were persistently noted during the study period and predominated (55%) 
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The relationships between sequence types and chlorhexidine susceptibility, sequence types and qacA/B gene distribution, as well as qacA/B gene and chlorhexidine MIC are also shown in Previous reports demonstrated that MRSA isolates carrying the qacA/B gene usually expressed chlorhexidine MICs 4 mg/L. 6 Consistent with this, we observed that 80.7% of the MRSA isolates carrying the qacA/B gene demonstrated chlorhexidine MICs matching or above the 4 mg/L benchmark. However, among MRSA isolates that exhibited high chlorhexidine MICs, only 55.4% carried the qacA/B gene. In the current study, the smr gene was not screened. The proportions of MRSA isolates carrying smr genes without the qacA/B gene were quite low among Asian countries except India. 8 The study by Noguchi et al. 8 also demonstrated that about one-third of the MRSA isolates expressing high chlorhexidine MICs did not harbour the qacA/B gene suggesting other mechanisms can contribute to chlorhexidine resistance.
We found that ST241 isolates were the first clone to carry the qacA/B gene in MRSA isolates causing nosocomial bloodstream infections at NTUH during the study period. ST241 isolates were also more resistant to trimethoprim/sulfamethoxazole and ciprofloxacin than ST254 isolates. During this time period, the amount of prescribed fluoroquinolones at NTUH increased 3-fold. 7 These factors may have led to ST241 replacing the predominance of ST254. In addition, MRSA isolates belonging to ST239 were found since 1990 and predominated in 2000. However, they did not carry qacA/B genes till 2000. After acquiring the qacA/B gene, most ST239 isolates expressed high chlorhexidine MICs. The resistance to other antibiotics was similar among ST239 and ST241 isolates. The resistance to chlorhexidine may again facilitate the spread of ST239 isolates at NTUH and lead to its predominance in 2000.
ST59 MRSA isolates have been found to be present in our hospital since 1995 and predominated in 2005. ST59 MRSA isolates usually were not multidrug-resistant, did not harbour the qacA/B gene and did not express high chlorhexidine MICs. However, they were identified as the predominant clone causing community-associated MRSA (CA-MRSA) infections in Taiwan. 9 Their predominance in 2005 may represent the emergence of CA-MRSA isolates in the hospital environment and the purported superior fitness (other than resistance to antibacterials) of CA-MRSA over hospital-associated MRSA.
During the study period, increasing numbers of MRSA clones carrying the qacA/B gene were noted. This change is also worthy of continuous monitoring.
In conclusion, the present study demonstrated that the proportion of MRSA isolates with high chlorhexidine MICs at NTUH increased from 1990 to 1995 and remained steady thereafter. More than half (55.4%) of the isolates with high chlorhexidine MICs harboured the qacA/B gene, and it is presumable that the presence of these genes may contribute to the spread of specific MRSA clones.
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